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Inventor(s): Michael DOUGLAS; Edward KORNAS; Mariann ANTICOLI; Barbara 
SULLINS; Enju LIANG; Maria Rocio MIRTO 



WARNING: 37 C.F.R. § 1.41(a)(1) points out: 



"(a) A patent is applied for in the name or names of the actual inventor or inventors. 



(1) The inventorship of a nonprovisional application is that inventorship set forth in the oath or 
declaration as prescribed by § 1.63, except as provided for in § 1.53(d)(4) and § 1.63(d). If an oath or declaration 
as prescribed by § 1.63 is not filed during the pendency of a nonprovisional application, the inventorship is that 
inventorship set forth in the application papers filed pursuant to § 1.53(b), unless a petition under this paragraph 
accompanied by the fee set forth in § 1.1 7(i) is filed supplying or changing the name or names of the inventor or 
inventors. " 



For (title): METHOD FOR EARLY OPTIMIZATION OF A MANUFACTURING SYSTEM 
DESIGN 



CERTIFICATION UNDER 37 C.F.R, 1.10* 

(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 



I hereby certify that this correspondence and the documents referred to as attached therein are being deposited with the 

United States Postal Service on this date 09/07/2 000_, in an envelope as "Express Mail Post Office to Addressee/' 

mailing Label Number EL686848557US, addressed to the: Box Patent Application, Assistant Commissioner for Patents, 
Washington, D.C 2023 1. 



Leslie Wang 



(type or print name of person mailing paper) 



Signature of person n^IiirgjpapeV 

WARNING: Certificate of mailing (first class) or facsimile transmission procedures of37C.F.R. 1.8 cannot be used 

to obtain a date of mailing or transmission for this correspondence. 



^WARNING: Each paper or fee filed by ''Express Mail" must have the number of the "Express Mail" mailing label 
placed thereon prior to mailing. 37 C.F.R. 1.10(b) 

"Since the filing of correspondence under § 1 10 without the Express Mail mailing label thereon is an 
oversight that can be avoided by the exercise of reasonable care, requests for waiver of this requirement 
will not be granted on petition. " Notice of Oct 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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1. Type of Application 



This new application is for a(n) 

(check one applicable item below) 

[XI Original (nonprovisional) 
I I Design 
□ Plant 

WARNING: Do not use this transmittal for a completion in the U.S. of an International Application under 35 U.S.C 371(c)(4), 

unless the International Application is being filed as a divisional, continuation or continuation-in-part application. 

WARNING: Do not use this transmittal for the filing of a provisional application. 

NOTE: If one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 

WHERE BENEFIT OF A PRIOR U. S. APPLICA TION CLAIMED and a NOTIFICA TION IN PARENT APPLICA TION OF THE 
FILING OF THIS CONTINUATION APPLICATION 

I I Divisional. 

I I Continuation. 

I I Continuation-in-part (C-I-P). 

2. Benefit of Prior U.S. Application(s) (35 U.S.C. 1 19(e), 120, or 121) 

NOTE: A nonprovisional application may claim an invention disclosed in one or more prior filed copending nonprovisional 

applications or copending international applications designating the United States of America. In order for a nonprovisional 
application to claim the benefit of a prior filed copending nonprovisional application or copending international application 
designating the United States of America, each prior application must name as an inventor at least one inventor named in the 
later filed nonprovisional application and disclose the named inventor's invention claimed in at least one claim of the later 
filed nonprovisional application in the manner provided by the first paragraph of 35 U.S.C 112. Each prior application must 
also be: 

(i) An international application entitled to a filing date in accordance with PCT Article 11 and designating the 
United States of America; or 

(ii) Complete as set forth in § 1.51(b); or 

(Hi) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee set forth in §1.16; 
or 

(iv) Entitled to a filing date as set forth in § 1 53(b) and have paid therein the processing and retention fee set forth 
in § 1.21(1) within the time period set forth in § 1.53(f). 

37CF.R. § 1.78(a)(1). 

NOTE If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent case, or where the 
parent case is an International Application which designated the U.S., or benefit of a prior provisional application is claimed, 
then check the following item and complete and attach ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE 
BENEFIT OF PRIOR U.S. APPLICATION^) CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S. C. 120, 121 or 

365(c), the 20-year term of that application will be based upon the filing date of the earliest U.S. application that the 
application makes reference to under 35 U.S. C. 120, 121 or 365(c). (35 US. C 154(a)(2) does not take into account, for the 
determination of the patent term, any application on which priority is claimed under 35 U.S.C 1 19, 365(a) or 365(b).) For a c- 
i-p application, applicant should review whether any claim in the patent that will issue is supported by an earlier application 
and, if not, the applicant should consider canceling the reference to the earlier filed application. The term of a patent is not 
based on a claim-by-claim approach. See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 

WARNING: When the last day of pendency of a provisional application falls on a Saturday, Sunday, or Federal holiday within 

the District of Columbia, any nonprovisional application claiming benefit of the provisional application must be filed prior to 
the Saturday, Sunday, or Federal holiday within the District of Columbia. See 37 C.F.R. § 1.78(a)(3). 
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I I The new application being transmitted claims the benefit of prior U.S. application(s). 
Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE 
BENEFIT OF PRIOR U.S. APPLICATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for Filing Date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 
1.153 (Design) Application 

20 Pages of Specification 
11 Pages of Claims 
5 Sheets of Drawing 

I I Formal 

[X] Informal 

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when filing a patent 

application. The drawings that are submitted to the Office must be on strong, white, smooth, and non-shiny paper and meet the 
standards according to § 1.84. If corrections to the drawings are necessary, they should be made to the original drawing and a 
high-quality copy of the corrected original drawing then submitted to the Office. Only one copy is required or desired. For 
comments on proposed then-new 37 C.F.R. 1.84, see Notice of March 9, 1988 . (1990 O.G. 57-62). 

NOTE: "Identifying indicia, if provided, should include the application number or the title of the invention, inventor's name, docket 
number (if any), and the name and telephone number of a person to call if the Office is unable to match the drawings to the 
proper application. This information should be placed on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 
inch) down from the top of the page. . ."37 CF.R. § 1.84(c)). 

(complete the following, if applicable) 

|~1 The enclosed drawing(s) are photograph(s), and there is also attached a "PETITION 
TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)." 37 C.F.R. § 1.84(b). 

B. Other Papers Enclosed 

0 Pages of declaration and power of attorney 

1 Pages of Abstract 

0 Other 

4. Additional Papers Enclosed 

I I Amendment to claims 

□ Cancel in this applications claims before calculating the filing fee. 

(At least one original independent claim must be retained for filing 
purposes.) 

1 | Add the claims shown on the attached amendment. (Claims added have been 

numbered consecutively following the highest numbered original claims.) 
I I Preliminary Amendment 

□ Information Disclosure Statement (37 C.F.R. § 1.98) 

□ Form PTO-1449 (PTO/SB/08A and 08B) 
I I Citations 

I I Declaration of Biological Deposit 

I | Submission of "Sequence Listing," computer readable copy and/or amendment 

pertaining thereto for biotechnology invention containing nucleotide and/or amino 
acid sequence. 
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□ Authorization of Attorney(s) to Accept and Follow Instructions from Representative 
I I Special Comments 

□ Other 

5. Declaration or Oath (including power of attorney) 

NOTE: A newly executed declaration is not required in a continuation or divisional application provided the prior nonprovisional 
application contained a declaration as required, the application being filed is by all or fewer than all the inventors named in 
the prior application, there is no new matter in the application being filed, and a copy of the executed declaration filed in the 
prior application (showing the signature or an indication thereon that it was signed) is submitted. The copy must be 
accompanied by a statement requesting deletion of the names of person(s) who are not inventors of the application being filed. 
If the declaration in the prior application was filed under §1.47 then a copy of that declaration must be filed accompanied by 
a copy of the decision granting § 1.47 status or, if a nonsigning person under § 1.47 has subsequently joined in a prior 
application, then a copy of the subsequently executed declaration must be filed. See 37 C.F.R. § 1.63(d)(l)-(3). 

NOTE: A declaration filed to complete an application must be executed, identify? the specification to which it is directed, identify each 
inventor by full name, including the family name, and at least one given name without abbreviation together with any other 
given name or initial, and the residence, post office address and country of citizenship of each inventor, and state whether the 
inventor is a sole or joint inventor. 37 C.F.R. § 1.63 (a)(1) -(4). 

I I Enclosed 

Executed by 

(check all applicable boxes) 

I I inventor(s). 

|~| legal representative of inventor(s). 37 C.F.R. § 1.42 or 1.43. 
I | joint inventor or person showing a proprietary interest on behalf of inventor 
who refused to sign or cannot be reached. 

□ This is the petition required by 37 C.F.R. § 1 .47 and the statement 
required by 37 C.F.R. § 1.47 is also attached. See item 13 below for 
fee. 

£<] Not Enclosed. 

NOTE: Where the filing is a completion in the U.S. of an International Application, or where the completion of the U.S. 

application contains subject matter in addition to the International Application, the application may be treated as 
a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF PRIOR US. APPLICATION CLAIMED. 

I | Application is made by a person authorized under 37 C.F.R. 1 .41 (c) on 
behalf of all the above named inventor(s). 

(The declaration or oath, along with the surcharge required by 37 C.F.R. § 1.16(e), 

can be filed subsequently). 

I I Showing that the filing is authorized. 

(not required unless called into question. 37 C.F.R. § 1.41(d)) 
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6. Inventorship Statement 



WARNING: If the named inventors are each not the inventors of all the claims an explanation, including the ownership of the 

various claims at the time the last claimed invention was made, should be submitted. 

The inventorship for all the claims in this application are: 
[X] The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at the 
time the last claimed invention was made, 
I I is submitted. 
I I will be submitted. 

7. Language 

NOTE: An application including a signed oath or declaration may be filed in a language other than English. An English translation of 
the non-English language application and the processing fee of $130.00 required by 37 C.F.R. § L17(k) is required to be filed 
with the application, or within such time as may be set by the Office. 37 C.F.R § 1.52(d). 

[X] English 

I I Non-English 

| | The attached translation includes a statement that the translation is accurate. 
37C.F.R. § 1.52(d). 

8. Assignment 

^| An assignment of the invention to General Motors Corporation 

□ is attached. A separate □ "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or [ ] 
FORM PTO 1595 is also attached. 

[Kj will follow. 

NOTE: "If an assignment is submitted with a new application, send two separate letters-one for the application and one for the 
assignment" Notice of May 4, 1990(1114 0.0. 77-78). 

WARNING: A newly executed "STA TEMENT UNDER 3 7 C.F.R. § 3. 73(b) " must be filed when a continuation-in-part 

application is filed by an assignee. Notice of April 30, 1993, 1150 O.G. 62-64. 
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9. Certified Copy 



Certified copy(ies) of application(s) 


country 


appln. no. 


filed 


country 


appln. no. 


filed 


country 


appln. no. 


filed 



from which priority is claimed 
I I is (are) attached. 
I I will follow. 

NOTE: The foreign application forming the basis for the claim for priority must be referred to in the oath or declaration. 3 7 CF.R. § 
1.55(a) and 1.63 

NOTE: This item is for any foreign priority for which the application being filed directly relates. If any parent U.S. application or 
International Application from which this application claims benefit under 35 U.S.C. 120 is itself entitled to priority from a 
prior foreign application, then complete item 18 on the ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE 
BENEFIT OF PRIOR U.S. APPLICATION (S) CLAIMED. 

10. Fee Calculation (37 CF.R. §1.16) 



A. O Regular application 



CLAIMS AS FILED 


Number Filed 


Number Extra 


Rate 


Basic Fee 
37 CFR 1.16(a) 
$ 690.00 


Total Claims 
(37 CFR 1.16(c) 


42 -20 = 22 X 


$ 18.00 


396.00 


Independent Claims 
(37 CFR 1.16(b)) 


9-3=6 X 


$ 78.00 


468.00 


Multiple dependent 
claims, if any, 
(37 CFR 1.16(d)) 


X 


$ 260.00 





I | Amendment cancelling extra claims is enclosed. 

[~l Amendment deleting multiple-dependencies is enclosed. 

l~l Fee for extra claims is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on filing they must be paid or the claims cancelled by amendment, prior to the expiration of 
the time period set for response by the Patent and Trademark Office in any notice of fee deficiency 3 7 CFR. § 1.16(d). 

Filing Fee Calculation $ 1554.00 
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B. [U Design application 

($310.00—37 C.F.R. § 1.16(f)) 

Filing Fee Calculation $. 



C. O Plant application 

($480.00— 37 CF.R. § 1.16(g)) 

Filing Fee Calculation $ 

1 1 . Small Entity Statement(s) 

□ Statement(s) that this is a filing by a small entity under 37 C.F.R. §§1.9 and 1.27 is 
(are) attached. 

WARNING: "Status as a small entity must be specifically established in each application or patent in which the status is available 

and desired. Status as a small entity in one application or patent does not affect any other application or patent, including 
applications or patents which are directly or indirectly dependent upon the application or patent in which the status has been 
established. The refiling of an application under § 1.53 as a continuation, division, or continuation-in-part (including a continued 
prosecution application under § 1.53(d)), or the filing of a reissue application requires a new determination as to continued 
entitlement to small entity status for the continuing or reissue application. A nonprovisional application claiming benefit under 35 
U.S.C. 1 1 9(e), 120, 121, or 365(c) of a prior application, or a reissue application may rely on a statement filed in the prior 
application or in the patent if the nonprovisional application or the reissue application includes a reference to the statement in the 
prior application or in the patent or includes a copy of the statement in the prior application or in the patent and status as a small 
entity is still proper and desired. The payment of the small entity basic statutory filing fee will be treated as such a reference for 
purposes of this section. "37 CF.R. § 1.28(a)(2). 

(complete the following, if applicable) 

[~| Status as a small entity was claimed in prior application > 

filed on from which benefit is being claimed for this application under: 



35 U.S.C. § □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is still proper and desired. 

□ A copy of the statement in the prior application is included. 

Filing Fee Calculation (50% of A, B or C above) $ 

NOTE. Any excess of the full fee paid will be refunded if a small entity status is established refund request are filed within 2 months of the 
date of timely payment of a full fee. The two-month period is not extendable under § 1.136. 37 CF.R. § 1 .28(a). 

12. Request for International-Type Search (37 C F.R. § 1 104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time when 
national examination on the merits takes place. 
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13. Fee Payment Being Made at This Time 



I | Not Enclosed 

□ No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.RR. § 1.16(e) can be paid 
subsequently.) 

I | Enclosed 

^ Filing fee $ 690.00 

I | Recording assignment 

($40.00; 37C.F.R. § 1.21(h)) 

(See attached "COVER SHEET FOR 

ASSIGNMENT ACCOMPANYING NEW 

APPLICATION.") $ 



□ Petition fee for filing by other 
than all the inventors or person 
on behalf of the inventor where 
inventor refused to sign or cannot 
be reached 

($130.00; 37 C.F.R. §§ 1.47 and 1.17(i)) $_ 

| | For processing an application with a 

specification in a non-English language 

($130.00; 37 C.F.R. §§ 1.52(d) and L17(k)) $_ 

| | Processing and retention fee 

($130.00; 37 C.F.R. §§ 1.53(d) and 1.21(1)) $_ 

□ Fee for international-type search report 

($40.00; 37 C.F.R. § 1.21(e)) $_ 



NOTE- 37 C.FR § 1.21(1) establishes a fee for processing and retaining any application that is abandoned for failing to complete the 
application pursuant to 37 C.F.R. § 1.53(f) and this, as well as the changes to 37 C.RR. § 1.53 and 1.78(a)(1), indicate that in 
order to obtain the benefit of a prior U.S. application, either the basic filing fee must be paid, or the processing and retention fee of 
§1.21(1) must be paid, within 1 year from notification under § 53(f). 

Total Fees Enclosed $ 1554.00 

14. Method of Payment of Fees 

| | Check in the amount of $ 

[X] Charge Account No. 18-0013 in the amount of $ 1554.00 . 
A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is clear for which purpose the fees are paid. 37 C.F.R. § 1.22(b). 
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15. Authorization to Charge Additional Fees 



WARNING: If no fees are to be paid on filing, the following items should not be completed. 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges, if extra claim charges 

are authorized. 

[X] The Commissioner is hereby authorized to charge the following additional fees by this 
paper and during the entire pendency of this application to Account No. 18-0013. 

37 C.F.R. §1.1 6(a), (f) or (g) (filing fees) 
E><] 37 C.F.R. § 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE; Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must only be paid or these 
claims cancelled by amendment prior to the expiration of the time period set for response by the PTO in any notice of fee deficiency 
(37 C.F.R. § 1.16(d)), it might be best not to authorize the PTO to charge additional claim fees, except possibly when dealing with 
amendments after final action. 

1X1 37 C.F.R. § 1.16(e) (surcharge for filing the basic filing fee and/or declaration 

on a date later than the filing date of the application) 
EX] 37 C.F.R. § L17(a)(l)-(5) (extension fees pursuant to § 1.136(a). 
[X] 37 C.F.R. § 1.17 (application processing fees) 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent or future reply, requiring a 
petition for an extension of time under this paragraph for its timely submission, as incorporating a petition for extension of time for 
the appropriate length of time. An authorization to charge all required fees, fees under § 1.17, or all required extension of time fees 
will be treated as a constructive petition for an extension of time in any concurrent or future reply requiring a petition for an 
extension of time under this paragraph for its timely submission. Submission of the fee set forth in § 1.17(a) will also be treated as a 
constructive petition for an extension of time in any concurrent reply requiring a petition for an extension of time under this 
paragraph for its timely submission. "37 C.F.R. § 1.136(a)(3). 

I I 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.31 1(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice of Allowance, the 
issue fee will be automatically charged to the deposit account at the time of mailing the notice of allowance. 37 C.F.R. § 1.311(b)). 

NOTE: 37 C.F.R. § 1.28(b) requires "Notification of any change in status resulting in loss of entitlement to small entity status must be filed 
in the application . . . prior to paying, or at the time of paying, . . issue fee. " From the wording of 37 C.F.R. § 1.28(b), (a) 
notification of change of status must be made even if the fee is paid as "other than a small entity" and (b) no notification is required 
if the change is to another small entity. 
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16. Instructions as to Overpayment 



NOTE: . Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable time, 
nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check or, if 
requested, by credit to a deposit account. "37 C.F.R. § L26(a). 

(3 Credit Account No. 18-0013 . 

□ Refund. 
Date: <J^pw/*& <2 $#& 

Reg. No. 36,372 
Tel. No.: (248) 594-0645 
Customer No. 010291 




SIC 

Anna M. Shih 

RADER, FISHMAN & GRAUER PLLC 
39533 Woodward Avenue, 
Suite 140 

Bloomfield Hills, Michigan 48304 



I I Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the benefit of prior US. 
application^) (including an international application entering the US. stage as a continuation, 
divisional or C-I-P application) and complete and attach the ADDED PAGES FOR NEW 
APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR US APPLICATION^) 
CLAIMED) 

PI Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 

I I Plus Added Pages for Papers Referred to in Item 4 Above 

Number of pages added 



I I Plus added pages deleting names of inventor(s) named on prior application(s) who 
is/are no longer inventor(s) of the subject matter claimed in this application. 

Number of pages added 

I I Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 



I I Statement Where No Further Pages Added 

(if no further pages form a part of this Transmittal, then end this Transmittal with this page and 
check the following item) 

P<] This transmittal ends with this page. 
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METHOD FOR EARLY OPTIMIZATION OF A 
MANUFACTURING SYSTEM DESIGN 

TECHNICAL FIELD 
5 The present invention relates to the field of manufacturing system design, 

procurement and implementation, and more particularly to a method for optimizing a 
manufacturing system by both simultaneous and sequential application of optimized 
system criteria. 



10 BACKGROUND OF THE INVENTION 

Designing and building manufacturing systems (e.g., equipment, processes, 
devices, etc.) require consideration of many system concerns, such as quality, reliability 
and health/safety of users, and often use various discrete methodologies for addressing 
each concern. These concerns often have various methodologies and specifications 

15 themselves that are considered "best practices", that is, methodologies and specifications 
that are considered optimal for accomplishing a particular task or achieving a particular 
result. Further, manufacturing systems ideally use the newest technology to implement 
the optimized practices. Current manufacturing systems, however, are often designed 
and even built before they are evaluated with respect to best practices and new 

20 technology specifications. Because these specifications are often numerous and detailed, 
the proposed manufacturing equipment/system design will likely require many design 
changes to address these specification details, increasing the overall time required to 
finalize any given design. Further, redesigning the equipment/system in an ad hoc 
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increase cost due to redesign(s) later in manufacturing design, procurement, and 
implementation process (also referred to as a "manufacturing life cycle"). 

Currently known methods may address optimized practices relatively late in the 
manufacturing life cycle, often after an initial design has been completed and even after 
5 the manufacturing system has already been built. As a result, known methods require at 
least some degree of retrofitting on an existing system, even when the system is new, to 
accommodate best practice and new technology solutions that were not addressed in the 
system's original design. In some cases, the system is already partially built according to 
design specifications before proper design reviews occur. These situations typically 

10 require modification of the equipment to accommodate any changes suggested or 

required by the inspectors and re-testing. This process increases opportunities for errors 
in both the physical structure of the equipment and the equipment's electronic circuitry. 

Because incorporating optimized design details after an initial design has been 
completed and/or after the equipment has been partially or completely built is 

15 cumbersome and expensive, there is a need for a manufacturing process that integrates 
optimization considerations early in the manufacturing life cycle. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is a method for identifying and incorporating 
20 best practices features in the design, procurement and implementation of a manufacturing 
system (e.g., equipment, process, device, etc.) throughout a manufacturing life cycle. 
The method generally includes the steps of reviewing a manufacturing system design 

2 
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based on design analysis data at different times during a manufacturing life cycle, 
conducting an activity- focused assessment during a procurement phase of the process, 
and validating the final design once the manufacturing system has been built and installed 
at its final location. The data obtained during the design review and assessment steps can 

5 be recorded in a database for use in existing and future manufacturing system designs. 

As a result, the inventive method provides continuity between designers, suppliers 
and users during the manufacturing system design, procurement and implementation 
process by considering specific, activity- focused issues early in the process, and 
throughout the entire manufacturing life cycle, thereby providing total integration and 

10 reducing costly and time-consuming modifications and retrofits in later stages of the 
process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an explanatory diagram illustrating a manufacturing life cycle in which 
15 the inventive method is implemented; 

Figure 2 is a flowchart illustrating one embodiment of the inventive method; 
Figure 3 is an explanatory diagram illustrating the simultaneous and sequential 
relationship between the inventive method and the manufacturing life cycle; and 

Figures 4A and 4B are flowcharts illustrating a validation process in accordance 
20 with the inventive method. 



3 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 illustrates an overview of a manufacturing system design, procurement 
and implementation process (a "manufacturing life cycle"), which provides the context in 
which the inventive method takes place. As can be seen in the Figure, a typical 

5 manufacturing life cycle can be divided into three phases: a design phase 100, a 
procurement phase 102, and a plant floor phase 104. The design phase 100 refers to 
system design activities occurring before a system supplier is selected (e.g., preliminary 
design tasks, obtaining quotes from potential suppliers, and awarding a purchase order to 
a selected supplier), while the procurement phase 102 refers to design activities occurring 

10 at the system supplier after the supplier has been selected (e.g., detailed design, building 
or purchasing of equipment by supplier, and design acceptance). The plant floor phase 
104 refers to activities occurring after the equipment has reached its end destination (e.g., 
installation, debugging, and final production run). As indicated in the Figure, optimized 
features are implemented over the entire manufacturing life cycle, during the design, 

15 procurement and implementation phases 100, 102, 104, rather than only in an ad hoc 
manner during the later stages, as in commonly observed methods. 

The three phases 100, 102, 104 can collectively be viewed as falling either within 
a design period 106 or an implementation period 108, which are separated by a transition 
period 110 during which the design is transitioned into hardware. During the design 

20 period 108, which encompasses the entire design phase 100 and a portion of the 

procurement phase 102, the optimized features are incorporated into the manufacturing 
system's design, before the supplier even begins building the system. The actual 
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implementation of the optimized design features occurs during the transition period from 
design to hardware 110. After implementation, any redesign or modification of the 
manufacturing system occurs during the implementation period 108; this time period is 
often used to fine-tune any lingering design issues occurring after the design has been put 

5 into practice. Note that for systems designed according to the inventive method, the 
amount of retrofitting required will likely be minimal or even non-existent. 

Referring to Figures 2 and 3 , the inventive method involves using a common, 
consistent approach for implementing optimized design features into new systems and 
for retrofitting existing systems. The three main elements of the inventive method are 

10 design reviews, activity- focused assessments, and validation. Figure 2 is a functional 
flowchart of the inventive method, while Figure 3 illustrates the synchronization between 
the inventive method and the manufacturing design, procurement and implementation 
process. Referring to Figure 2, the inventive process 200 begins by referencing a global 
specification at step 202, which includes core requirements for the specific manufacturing 

15 system to be designed and developed. As can be seen in Figure 2, the global 

specification 202 receives input from common design analysis templates 204, which 
contains best practices information that is common to multiple new manufacturing 
system designs. The global specification 202 is also preferably continuously updated 
based on feedback from new product program implementations, design analysis data and 

20 activity- focused assessment data (described in greater detail below) so that the global 
specification 202 reflects the most recent optimization and new technology information 
available. 
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Design reviews in the inventive method 200 are preferably conducted using a 
system-specific design analysis tool, which includes information regarding optimization 
issues relevant to the particular manufacturing system being designed, at step 206. The 
design analysis tool at step 206 is created from information in the global specification 

5 202 and is also itself used, via the design reviews at steps 208 and 210, to update the 
global specification 202 for future design use. Generally, the design analysis tool 
includes tailored questions based on the global specification 202 and is a combined 
checklist and documentation of the optimization issues with respect to one or more 
system concerns in a given piece of manufacturing equipment. 

10 For example, the design analysis tool 206 can be arranged as a list of criteria 

corresponding to requirements listed in the manufacturing system's specification, with 
the criteria focusing on optimizing at least one system concern (e.g., safety, reliability, 
quality, etc.). The list format of the design analysis tool 206 makes comparing the 
manufacturing system design with the tool 206 much simpler than comparing the design 

15 directly with the global specification 202. The design analysis tool 206 requires 

engineers to document optimized features of a given system in detail according to the 
global specification 202 and compare them to the common analysis template 204 to 
ensure that the design analysis tool 206 sets criteria for all optimization parameters in 
manufacturing system with respect to a particular system concern. Preferably, the design 

20 analysis tool 206 is generated using input from controls engineers, manufacturing 
engineers, selected suppliers, and any other parties involved in the design and 
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implementation process to ensure that the parameters in the design analysis tool 206 are 
complete before the actual design process begins. 

Once the program specific analysis tool is completed at step 206, the process 
moves to a first, "pre-award" design review at step 208. This first review step 208 is 

5 preferably conducted after the design analysis tool 206 has been completed for the new 
manufacturing system design, but before supplier quotes are requested. The primary 
purpose of the first design review 208 is to highlight any optimization issues early in the 
manufacturing process based on any available information about the manufacturing 
equipment to be designed. Criteria for evaluating suggestions from suppliers can be 

10 developed during the first design review 208 as well 

The first design review 208 can also be conducted after supplier quotes are 
received if an alternative design approach is considered. If this occurs, the design 
analysis tool 206 is used to analyze the alternative design approach and, if needed, 
incorporate the alternative design data in the design analysis tool 206. This revisiting of 

15 the design analysis tool 206 during the design review step 208 is indicated in Figure 2 by 
the double-headed arrow between the first review step 208 and the design analysis tool 
step 206. To provide continuous improvement, the updated information from the pre- 
award design review step is provided both to the common templates 204 and the 
program-specific analysis tool 206 so that the new information can be used in future 

20 manufacturing system designs. Because the manufacturing system design is in its early 
stages at this point, it is likely that not all of the criteria in the design analysis tool list 206 
will be addressed during the first design review 208. 
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Once the first design review step 208 is complete, the method proceeds to a 
second, "detailed design" design review step 210. This step 210 occurs after a design 
supplier has been selected and preferably after the design process has progressed 
somewhat to address a greater number of criteria in the design analysis tool 206. The 
5 common analysis templates 204 may also be updated based on information obtained 
during the second review 210 for use in future designs, to promote continuous 
improvement. 

Next, the method proceeds to an activity-focused assessment phase 212. The 
activity-focused assessment phase 212 is preferably conducted on new system designs 

10 that have proceeded through the first and second design reviews, 208, 210 and are near 
the end of the engineering design phase. To minimize future retrofits, the activity- 
focused assessment phase 212 is preferably conducted before the supplier begins building 
the equipment. Note that once the new manufacturing equipment has completed the 
activity-focused assessment phase 212, the same system design resulting from the 

15 assessment phase 212 can be applied to as many facilities as needed because a 
comprehensive assessment of the design has already been completed. If design 
modifications in the system are required because of differences in the physical 
dimensions between different facilities or differences in program requirements, the 
modified design should undergo a second activity-focused assessment phase 212 with 

20 respect to the modifications only. 

Generally, the activity-focused assessment phase 212 of the inventive method 200 
is a systematic way to evaluate all activities associated with a given manufacturing 
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system, and their corresponding consequences as defined by the specific system concern 
(e.g., health/safety, quality, reliability, etc.) being optimized. For example, in a 
health/safety context, the activity-focused assessment phase 212 would involve 
identifying each task (i.e., the "activity") involved in the operation and maintenance of 

5 the manufacturing system being designed and any risks or hazards (i.e., the 

"consequence") associated with each task. Activity and consequence identification and 
are preferably conducted by a group of people who are identified as having experience 
with the work environment/equipment being analyzed in the desired context. 

The inventive method will be described in greater detail below using the 

10 health/safety context as an example. The Safety 21 (TM) process designed by General 

Motors Corporation is one example of such a method. Note that if the inventive method 
is used to evaluate a different system concern (e.g., quality, reliability, etc.), or a different 
manufacturing system, the specific people chosen to provide input and the specific 
activities and consequences identified during the process will change, but the overall 

15 process 200 remains the same. During the activity-focused assessment phase 212, input 
is solicited from personnel who will actually be operating, maintaining, designing and 
building the new manufacturing system. To generate the information needed during the 
activity-focused assessment phase 212 in a health/safety context, for example, a team of 
individuals who are familiar with the manufacturing system requirements is assembled to 

20 discuss and uncover any health and safety issues they encounter during the course of their 
daily work as well as obtain any suggestions for improving the manufacturing system 
design based on their collective experience with existing systems. The team preferably 
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includes people at many different levels, including engineers, plant hourly personnel, and 
safety representatives. By obtaining data in this manner, the preferred embodiment of the 
inventive method can combine anecdotal evidence, documentation, and group analysis to 
pair activities and their associated consequences together in a quick, efficient manner. 

5 The design analysis tool 206 is preferably used to direct the team discussions 

through the steps in the activity-focused assessment phase 212 to generate answers that 
will be entered into an activity-focused assessment tool for evaluation. As noted above, 
the design analysis tool 206 is preferably a document that provides the manufacturing 
system specification information in criteria list form; using the design analysis tool 206 to 

10 direct the activity-focused assessment phase 212 will ensure that all activities and their 
associated consequences will be addressed. In the health/safety context, the team first 
identifies and documents all tasks involved in maintaining and operating the 
manufacturing equipment at step 214. Because the team members are selected from a 
cross-section of experienced workers, the resulting activity list will most likely be 

15 comprehensive based on the input from the workers' collective experience. The 
information about the activities can be as broad or as detailed as desired. In the 
health/safety context, for example, the activity description may identify whether the 
activity is conducted by maintenance personnel or operator personnel, identify the major 
equipment used in the task, whether the activity is performed during a manufacturing 

20 shift, whether the manufacturing process needs to be stopped to perform the activity and, 
if so, the time required for lockout and restart, the time required to complete the activity, 
and the frequency in which the activity needs to be performed. These categories can be 
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eliminated, augmented, or otherwise changed to reflect the specific system for which the 
inventive method is applied and the specific concern being evaluated and optimized. 

The next step involves identifying and documenting all consequences associated 
with maintaining and operating on the manufacturing equipment or system (step 216). In 
5 the health/safety context, for example, the "consequences" would be any hazards 
encountered when operating or maintaining the system being evaluated. In other 
contexts, the consequences associated with a given activity may include areas where 
unnecessary costs may be incurred or events that would negatively impact the system's 
quality. 

10 Next, the team creates activity/consequence pairs by matching each activity with 

all of its associated consequences (step 218). Note that, depending on the thought 
process of the team, the activity/consequence pairs may develop naturally during the 
consequence identification step 216. Some activities may have more than one associated 
consequence. 

15 Once the activity/consequence pairs have been identified 218, the team members 

are asked to consider evaluation questions for each individual activity/consequence pair 
at step 220. These questions are meant to identify possible optimal solutions for each 
activity and consequence with respect to the specific concerns (e.g. safety, reliability, 
etc.). For each activity/consequence pair in the health/safety context, for example, the 

20 team should consider whether the task itself can be changed, whether the task is minor or 
major (i.e., whether performance of the task requires shutting down the manufacturing 
equipment), whether the hazard can be eliminated altogether, whether there is an existing 
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equipment control solution to the hazard (such as lockout or system monitoring), and 
whether the severity of the injury is high according to predetermined standards (e.g., 
whether the injury is recordable under OSHA). These evaluation questions help the team 
focus on the issues raised by the activity-focused assessment questions to ensure that all 
5 possible solutions for addressing each individual consequence have been raised and 
documented. 

After the consequences have been evaluated for each activity at step 220 by the 
team, the evaluation responses are entered into an activity-focused assessment software 
tool to generate a recommended action at step 222 for each activity/consequence pair. In 

10 the health/safety context, for example, the recommended action for each 

activity/consequence pair will fall into one of three categories: lockout, control reliable 
method, and other safety measures. "Lockout" refers to shutting down the electrical 
system of the manufacturing equipment as a response to the hazard, and more particularly 
to disconnecting the manufacturing equipment from its energy source and removing the 

15 power to the equipment to stop equipment operation. "Control reliable method" refers to 
an alternative method for addressing safety issues in the operation or maintenance of the 
manufacturing equipment without shutting down the equipment completely. "Other 
safety measures" covers other possible solutions that are not addressed by the first two 
categories (e.g., training, personal protective equipment for the employee, guardrails, 

20 ventilation, etc.). Of course, in other contexts, the recommended action categories will 
vary depending on the specific system concern being addressed by the inventive method. 
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The activity-focused assessment software tool used in the inventive method 
preferably uses a hierarchy of preferred solutions, which governs the selection of 
appropriate actions to select the optimal solution for a given activity/consequence pair. 
For example, in the health/safety context, the activity-focused assessment software tool 

5 uses a known hierarchy of health and safety controls to eliminate or reduce the risk 
caused by a given hazard. The hierarchy itself ranks the types of solutions, from most 
desirable to least, from which the activity-based assessment tool selects an action 
corresponding to a given activity/consequence pair according to criteria that is relevant to 
the system concern being optimized. In the health/safety context example, the hierarchy 

10 in the activity-based assessment tool aims to minimize the amount of human 

involvement, from the worker's perspective, required to implement a particular solution. 
Regardless of the specific concern being addressed by the inventive method, the logic of 
the activity-based assessment tool should evaluate each activity/consequence pair 
according to a series of yes/no evaluation questions and use the answers to those 

1 5 questions to direct the tool toward the highest ranking (and therefore most-preferred) 
solution in the hierarchy that satisfies all of the answers to the evaluation questions. The 
highest-ranking solution will then be selected by the tool as the action corresponding to 
the given activity/consequence pair and is recorded in the activity-focused assessment 
summary. The results from the design reviews and the activity-focused assessments can 

20 themselves be used to develop safe operating procedures. 

The specific information obtained from the activity-focused assessment phase 212 
can be categorized by the specific equipment in the system being evaluated and then by 
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the specific activities associated with that equipment in an assessment summary. 
Continuing with the health/safety example, a description of any potential hazards 
associated with each activity can be included in the activity- focused assessment 
summary. For example, a potential slip/trip hazard is associated with replacing a brake or 

5 motor in a lift elevator. The assessment summary may also include the evaluation 

questions, which were explained above, to address possible ways in which the identified 
hazards can be addressed. In the case of the lift elevator example, the evaluation 
questions indicate that the task is associated with an equipment change, that there is no 
equipment control solution available, and that the potential severity of the hazard is high. 

10 The summary also includes the assessment tool output and a more detailed explanation of 
the output; the assessment tool output column in the health/safety context, for example, 
places the proposed safety solution in the "lockout", "control reliable method", or "other 
solution" category and further describes the nature of the safety solution in a detailed 
output column. The action portion of the assessment summary provides additional detail 

1 5 about the final action proposed by the activity-based assessment tool for optimizing the 
solution the specific activity/consequence pair. Referring back to the lift elevator 
example, the activity-focused assessment tool may recommend training and possibly a 
man-elevator to address the slip/trip hazard. The "validation date" column is provided in 
the assessment summary generated by the tool to record and confirm that each item in the 

20 assessment summary has been validated in the validation step, which will be explained in 
greater detail below. 

14 



65229-0010 



Any information obtained from the action step 222 in the activity-focused 
assessment phase 212 is also sent to the program-specific analysis tool 206 and to the 
common template 204 to improve future designs. After the activity-focused assessment 
phase 212 is complete, the assessment summary output by the activity-focused 

5 assessment tool is sent to the appropriate parties, such as the supplier and/or engineering 
groups, for consideration and implementation in the manufacturing system design. 

Once the activity-focused assessment phase 212 is complete, the supplier is 
authorized to begin building the new manufacturing equipment based on the finalized 
system and layout drawings at step 224. These finalized drawings will have incorporated 

10 all of the design features according to the information obtained from the previous two 
design reviews 208, 210 and the suggested actions generated by the assessment tool in 
the activity-focused assessment phase 212. Because the optimization issues with respect 
to selected system concerns (e.g., health/safety, reliability, quality, etc.) have been 
addressed throughout the design process since the beginning, the system design itself 

15 already has taken externally-imposed optimization requirements as well as any features 
suggested by the assessment tool and by team members during the activity-focused 
assessment phase 212. Thus, the final system requires few, if any, modifications once it 
has been built and installed. If there are any other issues that arise during the building 
step 224, they are incorporated into the common design analysis template 204 for 

20 reference in existing and future designs. 

After the supplier builds the equipment, the equipment undergoes a third, "buy- 
off design review at step 226, during which the design analysis tool 206 is used to verify 
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that the various design features highlighted during the previous two design review steps 
208, 210 and the activity-focused assessment phase 212 are present in the finished 
equipment. Information obtained during the third design review 226 can also be sent to 
the common templates 204 and to the design analysis tool 206 for use in existing and 

5 future designs. 

After the third design review 226 is complete, the method proceeds to a 
ship/install/debug step 228, during which the equipment is shipped to the plant location 
and installed. The ship/install/debug step is the first step in the plant floor phase 104 of 
the inventive method. Once the equipment has been installed and debugged, the process 

10 moves to a validation step 230, which includes inspecting and testing the manufacturing 
equipment to ensure that it meets defined energy control requirements and all other 
standard design requirements as well as the recommendations obtained during the 
activity-focused assessment phase 212. For example, in the health/safety context, the 
validation step 230 may highlight the "lockout", "control reliable method", and "other 

15 safety measures" safety recommendations from the activity focused assessment phase 
212 to confirm that these safety issues have been addressed adequately in the finished 
manufacturing system. 

The validation step 230 is preferably conducted at the plant site after installation 
to confirm that the key optimization features highlighted during the activity-focused 

20 assessment process have been incorporated into the equipment. The equipment will be 
evaluated using the outputs obtained during the assessment phase 212 to confirm whether 
the features in the equipment design and operation exist as intended with respect to a 
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specific activity/consequence pair. The assessment data used to conduct the validation 
step 230 is preferably sorted to verify easily that all activities and consequences have 
been addressed in the equipment's design and/or the equipment's operating procedures. 
Figure 4 illustrates one embodiment of a validation step 230 according to the 

5 inventive method using the health/safety context example. Note that the validation 
process in the invention is generally the same regardless of the specific characteristic 
being optimized and evaluated; the process generally involves checking each action item 
on the activity-based assessment summary with the manufacturing system to confirm that 
each action generated by the activity-based assessment tool has been implemented in the 

10 system. 

The validation process begins after the activity- focused assessment data summary 
is complete 404 and after the manufacturing equipment has been installed at its final 
destination 406. The validation process in the health/safety context, for example, can be 
separated into two stages 400, 402. The first validation stage 400 verifies "lockout" and 

15 "control reliable method" solutions on the activity-focused assessment data summary, 
while the second validation stage 402 verifies the specific solutions categorized as "other 
safety measures". As shown in Figure 4, the validation step first involves a field check of 
the lockout and associated lockout placards at step 408. This would include verifying 
that the placards properly describe and illustrate energy source locations, lockout points 

20 and procedures, verification procedures and associated safe operating procedures. 

Once the field check of the lockout and associated lockout placards at step 408 is 
complete, the verification process checks whether control reliable method solutions are 
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being used under certain conditions at step 410. If not, the process goes directly to step 
412, where the method checks to see whether the equipment has satisfactorily "passed" 
its verification. If a control reliable method is being used as a safety solution, however, 
additional validation tests must be conducted at step 414 to ensure that the control 
5 reliable method meets all of its own safety design requirements during equipment 
operation. 

After the lockout and the control reliable methods have been validated at steps 
408 and 412, the inventive method checks to see if all of the validation results meet all of 
the safety requirements at step 412. If not, corrective action is taken at step 416 and the 

10 first stage of the validation process begins again at step 406. If, however, the 

manufacturing equipment functions properly during the lockout and control reliable 
method safety solutions, the activity focused assessment items associated with lockout 
and with control reliable methods are marked as complete at step 417. 

The second validation stage 402 can be conducted concurrently or sequentially 

15 with the first validation stage 400. Figures 4A and 4B illustrate a sequential process, but 
the processes shown in Figures 4 A and 4B can be conducted at the same time if desired. 
During the second validation stage 402, all of the safety items listed on the risk 
assessment summary as "other safety measures" are inspected and verified at step 418. 
This stage generally includes checking the final placards for proper information, 

20 verifying that warnings, training, safe operating procedures, personal protective 

equipment, and other safety measures have been implemented, and generally checking 
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each individual item on the risk assessment summary categorized under "other safety 
measures" to ensure they have been implemented. 

After the other safety measures have been validated at step 418, the inventive 
method checks to see if all of the validation results meet all of the safety requirements at 
5 step 420. If not, corrective action is taken at step 422 and the first stage of the validation 
process begins again at step 418. If, however, all of the safety solutions have been 
properly implemented, the assessment items associated with "other safety measures" are 
marked as complete and closed out at step 424, thereby completing the validation 
process. If the equipment successfully completes both validation stages, the equipment is 

10 considered production-ready and released to production at step 426. 

The inventive process ends after the validation step 230, indicating that the new 
equipment is ready for daily operation. Normally, a new piece of equipment that arrives 
at its end destination will stay at that destination for the remainder of its manufacturing 
life cycle. In some cases, the equipment may be removed after its life cycle is over for 

15 retrofit purposes or if the equipment has exhausted its useful life. Retrofitting may be 
required to, for example, incorporate health and safety suggestions that were not 
addressed by the system's original design. Because the inventive process takes 
optimization issues with respect to one or more system concerns (e.g., safety, quality, 
reliability, etc.) into account during the design process, equipment designed according to 

20 the inventive method will require minimal, if any, retrofitting in the future to correct any 
issues that were not addressed in the original equipment design. 
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As a result, the inventive method applies dynamic tools that incorporate best 
practices, new technology, and externally imposed standards and regulations (e.g., ANSI, 
NSC, OSHA, ISO, etc.) into the early design stages of manufacturing systems, using a 
consistent methodology for evaluating and optimizing many different system 
5 characteristics. Completed activity- focused assessment summaries and design analysis 
tools are preferably maintained in a database so they can be referenced in the future for 
continuous improvement of system and equipment designs. The activity focused 
assessment steps can also be conducted apart from the other steps in the process on 
existing equipment and manufacturing systems to obtain information that can be added to 

10 the safety design analysis common template. Of course, for existing systems, the 
questions of changing tasks or eliminating hazards are not applicable because the 
equipment/system has already been built, cementing the required tasks and their 
associated hazards. 

It should be understood that various alternatives to the embodiments of the 

15 invention described herein may be employed in practicing the invention. It is intended 
that the following claims define the scope of the invention and that the method and 
apparatus within the scope of these claims and their equivalents be covered thereby. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A method for designing and building a manufacturing system during a 
system design, procurement and implementation process, comprising the steps of: 

reviewing a manufacturing system design according to design review data 
corresponding to a specification for the manufacturing system; 

conducting an activity- focused assessment of the manufacturing system design; 

and 

validating the manufacturing system based on results from the activity-focused 
assessment after the manufacturing system has been implemented. 

2. The method of claim 1, wherein the reviewing step is conducted a 
plurality of times throughout the manufacturing design, procurement and implementation 
process. 

3. The method of claim 2, wherein the reviewing step includes the steps of: 
conducting a first design review at a pre-design stage; 

conducting a second design review at a detailed design stage, wherein the second 
design review is conducted after a manufacturing system supplier has been selected; and 
conducting a third design review after the manufacturing system has been built. 
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4. The method of claim 1 , wherein the design review data is in the form of at 
least one of a common analysis template and a system-specific analysis tool. 

5. The method of claim 4, further comprising the step of updating at least one 
of the common analysis template and the system-specific analysis tool during the 
reviewing step. 

6. The method of claim 1, wherein the conducting step includes the steps of: 
identifying activities associated with the manufacturing system; 

identifying consequences associated with each activity; 
pairing associated activities and consequences into activity/consequence pairs; 
evaluating each activity/consequence pair based on predetermined assessment 
criteria; and 

selecting an action for each activity/consequence pair. 

7. The method of claim 6, wherein the assessment criteria corresponds to at 
least one system concern selected from the group consisting of reliability, quality, and 
health/safety. 

8. The method of claim 6, wherein the validating step includes the steps of: 
comparing an actual action for each activity/consequence in the manufacturing 

system with its associated action from the selecting step; and 
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taking corrective action if the actual action does not match the action from the 
selecting step. 

9. The method of claim 1 , wherein the validating step includes the steps of: 
5 comparing discrete areas of the manufacturing system with the results from the 

activity- focused assessment step; and 

taking corrective action if any of the discrete areas do not match the results from 
the activity-focused assessment step. 

10 1 0. A method for designing and building a manufacturing system, comprising 

the steps of: 

reviewing a manufacturing system design based on design review data 
corresponding to a specification for the manufacturing system; 

identifying activities and consequences corresponding to the design analysis data 
15 that are associated with the operation and maintenance of the manufacturing system; 

generating individual activity/consequence pairs by matching each activity with at 
least one associated consequence; 

generating an action for each individual activity/consequence pair; 

building the manufacturing system based on the design analysis data from the 
20 identifying step and the actions from the generating step; 

and validating the presence of the actions in the manufacturing system based on 
the design analysis data and the actions. 
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1 1 . The method of claim 1 0, wherein the reviewing step is conducted at a first 
time at a pre-design stage, a second time at a detailed design stage, and a third time after 
the manufacturing system has been built. 

12. The method of claim 11, wherein the method further comprises reviewing 
an alternative design approach during at least one of the pre-design stage and the detailed 
design stage. 

13. The method of claim 1 0, wherein the design analysis data is stored in at 
least one of a common analysis template and a program-specific analysis tool. 

14. The method of claim 13, wherein at least one of the common analysis 
template and the program specific analysis tool obtains information from a global 
specification having core design requirements. 

15. The method of claim 13, wherein the common analysis template includes 
"best practices" information. 

1 6. The method of claim 1 0, wherein the step of generating an optimized 
action includes the steps of: 
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evaluating each activity/consequence pair by considering at least one of a 
plurality of evaluation questions. 

17. The method of claim 16, further comprising the step of analyzing the 
information obtained from the evaluating step and selecting a solution according to a 
hierarchy of possible actions, wherein the hierarchy ranks possible solutions from most 
optimal to least optimal. 

18. The method of claim 17, wherein the analyzing step is conducted using 
software. 

19. The method of claim 10, further comprising the step of generating a 
activity- focused assessment summary listing the action associated with each individual 
activity/consequence pair from the generating step. 

20. The method of claim 19, wherein the validating step includes checking the 
manufacturing system with the optimized actions in the activity-focused assessment 
summary to confirm that the optimized actions have been incorporated into the system. 

21 . A computer readable storage device used to design a manufacturing 
system, comprising: 
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a design analysis tool that includes design analysis data documenting optimized 
practices for the manufacturing system with respect to at least one system concern; and 

an activity- focused assessment tool that evaluates a plurality of 
activity/consequence pairs and generates an optimized action corresponding to each 
individual activity/consequence pair. 

22. The computer readable storage device of claim 21, wherein the design 
analysis data in the design analysis tool is a list of criteria corresponding to 
manufacturing system requirements described in a global specification. 

23. The computer readable storage device of claim 21, wherein the activity- 
focused assessment tool generates an action for each activity/consequence pair based on a 
hierarchy of preferred actions. 

24. The computer readable storage device of claim 21, wherein the activity- 
focused analysis tool generates an action summary listing the activity/consequence pairs 
and the action associated with each individual activity/consequence pair. 

25. A computer readable storage device used to design a manufacturing 
system, comprising a design analysis tool that includes design analysis data documenting 
optimized practices for the manufacturing system with respect to at least one system 
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concern, wherein the design analysis data in the design analysis tool is a list of criteria 
corresponding to manufacturing system requirements described in a global specification. 

26. A computer readable storage device used to design a manufacturing 
5 system, comprising an activity-focused assessment tool that evaluates a plurality of 

activity/consequence pairs with respect to at least one system concern and generates an 
action corresponding to each individual activity/consequence pair, wherein the activity- 
focused assessment tool generates an action for each activity/consequence pair based on a 
hierarchy of preferred solutions. 

10 

27. The computer readable storage device of claim 26, wherein the activity- 
focused assessment tool generates an action summary listing the activity/consequence 
pairs and the action associated with each individual activity/consequence pair. 

15 28. A method for designing and building a manufacturing system during a 

system design , procurement and implementation process, comprising the steps of; 

reviewing a manufacturing system design according to safety design analysis data 
corresponding to a specification for the manufacturing system; 

conducting an activity-focused risk assessment of the manufacturing system 
20 design based on safety criteria; and 

validating the manufacturing system based on results from the activity- focused 
risk assessment after the manufacturing system has been implemented. 
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29. The method of claim 28, wherein the reviewing step is conducted a 
plurality of times throughout the manufacturing design , procurement and implementation 
process. 

5 

30. The method of claim 29, wherein the reviewing step includes the steps of: 
conducting a first safety design review at a pre-design stage; 

conducting a second safety design review at a detailed design stage, wherein the 
second design review is conducted after a manufacturing system supplier has been 
10 selected; and 

conducting a third safety design review after the manufacturing system has been 

built. 



3 1 . The method of claim 28, wherein the safety design review data is in the 
15 form of at least one of a common safety analysis template and a system-specific safety 
design analysis tool, wherein the safety design analysis tool includes system-specific 
safety criteria corresponding to the specification for the manufacturing system. 



32. The method of claim 31, further comprising the step of updating at least 
20 one of the common safety analysis template and the system-specific safety design 
analysis tool during the reviewing step. 
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33. The method of claim 32, wherein the conducting step includes the steps 

of: 

identifying tasks associated with the manufacturing system; 
identifying hazards associated with each task; 
5 pairing associated tasks and hazards into task/hazard pairs; 

evaluating each task/hazard pair based on predetermined risk assessment criteria; 

and 

selecting an action for each task/hazard pair. 

10 34. The method of claim 33, wherein the validating step includes the steps of: 

comparing an actual action for each task/hazard in the manufacturing system with 

its associated action from the selecting step; and 

taking corrective action if the actual action does not match the action from the 

selecting step. 

15 

35. The method of claim 28, wherein the validating step includes the steps of: 
comparing discrete areas of the manufacturing system with the results from the 
activity-focused risk assessment step; and 

taking corrective action if any of the discrete areas do not match the results from 
20 the activity- focused risk assessment step. 
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36. A computer readable storage device used to design a manufacturing 
system based on safety criteria, comprising: 

a safety design analysis tool that includes safety design analysis data documenting 
optimized safety practices for the manufacturing system; and 
5 a task-based risk assessment tool that evaluates a plurality of task/hazard pairs and 

generates an optimized action corresponding to each individual task/hazard pair. 



37. The computer readable storage device of claim 36, wherein the safety 
design analysis data in the safety design analysis tool is a list of criteria corresponding to 
10 safety-related manufacturing system requirements described in a global specification. 



38. The computer readable storage device of claim 36, wherein the activity- 
focused risk assessment tool generates an action for each task/hazard pair based on a 
hierarchy of preferred solutions. 

39. The computer readable storage device of claim 36, wherein the activity- 
focused risk assessment tool generates an action summary listing the task/hazard pairs 
and the action associated with each individual task/hazard pair. 



20 40. A computer readable storage device used to design a manufacturing 

system, comprising a safety design analysis tool that includes safety design analysis data 
documenting optimized safety practices for the manufacturing system, wherein the safety 
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design analysis data in the design analysis tool is a list of criteria corresponding to safety 
related manufacturing system requirements described in a global specification. 

41 . A computer readable storage device used to design a manufacturing 
5 system, comprising an activity- focused risk assessment tool that evaluates a plurality of 
task/hazard pairs and generates an action corresponding to each individual task/hazard 
pair, wherein the activity- focused risk assessment tool generates an action for each 
task/hazard pair based on a hierarchy of preferred solutions. 

10 42. The computer readable storage device of claim 41, wherein the activity- 

focused risk assessment tool generates an action summary listing the task/hazard pairs 
and the action associated with each individual task/hazard pair. 
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ABSTRACT 

A method for designing manufacturing systems with speed, flexibility, continuity 
includes identifying design issues with respect to at least one system concern (e.g., safety, 
reliability, quality, etc.) at the beginning of the design process. Proposed designs are 
5 evaluated according to simultaneous and sequential criteria both during a preliminary 
stage, before a supplier has been selected, and after a selected supplier offers a more 
detailed design for the manufacturing equipment. The activities and associated 
consequences associated with maintaining and operating the equipment being designed 
are identified and paired together into activity/consequence pairs. An optimized solution 

10 is determined for each individual activity/consequence pair and incorporated in the 
manufacturing equipment's design. After the manufacturing equipment is built, a 
validation process confirms that the process considerations and process solutions with 
respect to the particular system concern have been resolved in the final product. By 
considering process issues early in the design stage, the manufacturing equipment is less 

15 likely to require retrofitting in response to process issues discovered later after the 
manufacturing equipment has been built. 

R0092431 
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